Abstract: This paper studies the determinant factors that influence the adoption of Radio Frequency Identification (RFID) by Logistics Service Providers (LSPs) in Malaysia. The influencing factors include costs of the technology, perceived risks of technology, organisational readiness, the size of the organisation, customer and competitor pressures and government support. To provide insight into these factors, this study employed a questionnaire survey. The data are obtained from 68 logistics companies. The results provided evidence that the adoption of technological innovations is influenced significantly by technological, organisational and environmental characteristics and that adopting new technologies will increase supply chain performance for the logistics industry in Malaysia.
Introduction
More than two decades of economic reforms, and transition to market economy, have brought unprecedented economic growth to Malaysia. With the fast growth in Malaysia's economy, the demand for manufacturing companies has been growing significantly, and the manufacturing industry is set to take off (Malaysia Ninth Plan, 2008) . The global economy, including that of Malaysia, is undergoing rapid development into a knowledge-based economy where technology, driven by skills and innovation, will be among the key determinants to enhance efficiency, productivity and competitiveness. In this respect, ICT and other technologies have become important enabling tools, leading to changes in the comparative advantage and competitiveness of economies worldwide (MIDA Report, 2008) . The application of technologies in various industries has increased over the years, in terms of value and scope. Under the MyICMS 886 Strategy (Malaysia Ninth Plan, 2008 ), short-range communication has been identified as one of the core services to be developed. The service will support the creation of short-range wireless connection type of applications, which uses minimal power. RFID is among the technologies categorised under this service. Examples of applications include inventory management, transportation and logistics, live stock management and security and access control. Frost and Sullivan's (2005) research provides an overview of, and an outlook for, the RFID markets in Malaysia. According to their research, the use of RFID technology provides opportunities for virtually every industry, offering high potential for productivity gains and cost reductions (Frost and Sullivan, 2005) . With the application of the technology, there will be benefits with respect to the movement of goods in supply chains, through reductions in administrative errors, labour costs associated with scanning bar codes, internal thefts and errors in shipping goods and improvements in overall inventory management. When these benefits are multiplied across various supply networks of different industries, a significant positive impact can be expected on the country's economy and competitiveness as a trading nation and regional logistics centre. Traditionally, RFID packages have found applications in areas such as toll collection and security and access control. With increasing customer awareness and reducing price levels, this technology is expected to find wide acceptance in point of sale payment, baggage handling, document tracking, and medical monitoring purposes (Frost and Sullivan, 2005) . Further, the large scale undertaking of pilot projects pertaining to evidence management systems and authentication by the Malaysian government is likely to drive the usage of RFID systems in future.
Based on its applications, RFID equipment in Malaysia can be segmented into four primary categories such as security/access control, transportation, manufacturing and logistics, and others. The study provides detailed revenue forecasts and market share analyses and is essential for both large and small market participants seeking maximum return on investments. Accordingly, a study by IDC (2006) has revealed that RFID technology has had a huge impact on the manufacturing sector, particularly in the area of distribution and retail, globally. Furthermore, the IDC study (2006) has analysed the state of the market for RFID solutions implementation in Malaysia, charts its history and development, and examines expectations for the future. Based on the findings, local commercial spending on RFID in Malaysia is estimated to grow from US$ 2.45 million in 2005 to almost US$ 20.94 million in 2010, with a Compound Annual Growth Rate (CAGR) of 45.84%. In the commercial RFID spending market, hardware makes up the largest portion, 60% of the total revenue in 2005, driven primarily by the purchases of readers and tags, followed by software and services contribution that add up the remaining 40%.
The ability of RFID to improve the efficiency of data collection and information exchange (Moberg et al., 2002) , makes RFID a significant technological innovation and might enable companies in Malaysia to enhance their service abilities. According to Sauvage (2003) , in order to satisfy the diversifying requirements of customers, many manufacturing companies improve their service efficiency by the continuous adoption of RFID. RFID can improve the speed, accuracy, and visibility of information exchange within supply chains, which can ultimately lead to reduced inventory costs and improved customer service (Moberg et al., 2004) . While the merits of RFID have been discussed frequently, surprisingly few LSPs have adopted RFID technologies. For example, in a late 2004 warehousing study, 15% of the warehousing firms surveyed had adopted RFID, 41% of the firms were considering RFID adoption, and 44% were not considering its adoption at all (Matta and Moberg, 2006) . The primary reason for the firms' adoption of RFID was the recent mandate by Wal-Mart for its top suppliers to begin using RFID by January 2005. Those firms not adopting RFID reported being unsure about the proposed benefits of RFID, particularly given the significant investment required (Rogers et al., 1996) . In the context of Malaysia, Wong (2007) surveyed 136 international and local manufacturers in Malaysia and found that 94% of them indicated that they were currently not interested in adopting RFID technology for tracking their merchandise. He added that of the 93 companies that have clear reasons for not adopting RFID, the main obstacle is ignorance: 44% say that they either do not "understand and/or are not familiar" with RFID. However, according to Wong (2007) , the adoption of RFID remains unsatisfactory only in Malaysia-based companies and not in non-Malaysian owned/based companies. One reason, he says, is that Malaysian companies have not found a good reason to invest in the technology. That is because, unlike in USA, where RFID tagging has helped in reducing labour costs by automating the process of tracking goods, labour in Malaysia is cheap and widespread. Wong has further added that many Malaysian manufacturers do not have a sophisticated IT environment in place, which makes setting up a RFID system more complicated than simply buying interrogators (readers) and tags.
Despite the Malaysian government's initiatives, there is a long way to go before mass-market adoption of RFID technology occurs in Malaysia.
"There are a lot of challenges in promoting RFID deployment because it ultimately deals with changing the way company does business. High initial outlay, the lack of universal RFID standards and awareness, and the competition from barcode system are some challenges that solution providers will face in the process of promoting RFID implementation," said Katherine Chan, Services Research, IDC Malaysia (IDC, 2006) For RFID implementation to be truly business enabling, integration with existing enterprise systems and across the chain boundaries is important. In addition, given the positive hype of RFID often found in the trade press and at conferences, the number of conceptual and empirical research papers on RFID among logistics literature streams, remains limited in the context of Malaysia.
Given the relatively low adoption of RFID to date and the corresponding scarcity of research in the literature to support LSPs in adopting RFID; therefore, the goal of this paper is to examine the determinant factors of RFID adoption among LSPs in Malaysia. This paper proposes a discriminant analysis to help logistics managers by providing guidance on the determinant factors (costs of the technology, risks of technology, organisational readiness, and the size of the organisation, customer and competitor pressures and government support) towards RFID adoption. The next section presents a summary of e-business, LSPs and RFID. This is followed by a section on the theoretical foundations of the determinants of RFID. Section four gives a description of the research methodology, while section five focuses on the analysis of the results and the discussion of the findings. The final section gives the conclusions and the implications of the research. -Mudimigh et al. (2004) claimed that in the era of speed, agility, and technology, value creation is the most critical component of a competitive business environment. According to Kotler (2003) , value is defined as the ratio between what the customer gets and what he gives, whereby the customer gets benefits and the assumed cost. Value can also be defined as the amount buyers willing to pay for what a firm provides for them (Porter, 1985) . According to Porter, the value chain is a guide for a firm to examine all the activities that a firm performs. In analysing the sources of competitive advantage, it is essential to analyse how these activities interact with the different functions in the firm. Porter also states that "the value chain disaggregates a firm into its strategically relevant activities in order to understand the behaviour of costs and the existing and potential sources of differentiation". He has further added that by performing these strategically important activities more cheaply and better than its competitors, a firm can gain competitive advantage. Figure 1 shows the generic value chain as envisioned by Porter (1985) .
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Figure 1 Generic value chain
Source: Adapted from Porter (1985) A value chain logically presents the main functional areas ('value activities') of a company and differentiates between primary and support activities. However, these are "not a collection of independent activities but a system of interdependent activities", which are "related by linkages within the value chain". These linkages can lead to competitive advantage through optimisation and coordination. This is where ICT can have a major impact, in the key role of optimising linkages and in increasing the efficiency of the processes channel (Johnston and Lawrence, 1988) . The value system expands this concept by extending its scale beyond the single company. The firm's value chain is linked to the value chains of (upstream) suppliers and (downstream) buyers; the resulting larger set of processes is referred to as the value system. All e-commerce and, therefore, electronic transactions occur within this value system. Porter's framework of the company value chain and value system between companies remains useful for an understanding of the relevance of e-business in this context.
Logistics: What its is
Logistics involves a wide set of activities dedicated to the transformation and distribution of goods, from raw material sourcing to final market distribution, as well as the related information flows (Rodrigue and Hesse, 2009) . They claimed that the word 'logistics' is derived from Greek logistikos (to reason logically) and the word is polysemic. In the 19th century the military referred to it as the art of combining all means of transport, revictualling and sheltering of troops. Today, it refers to the set of operations required for goods to be made available on markets or to specific destinations (Rodrigue and Hesse, 2009 ). It, therefore, represents the material and organisational support of globalisation which include activities such as physical distribution, warehousing management, transport segment, inventory management and materials management. Logistics can play an important role in a nation's economic growth and development. Hannigan and Mangan (2001) , point out that logistics, particularly improvements in transportation efficiency, played a key role in the explosive growth of the economy. The economic impacts of logistics are well understood; it is important to define what logistics is as rapid change has occurred in the business logistics field (Murphy and Wood, 2004) . One consequence of this rapid change is that business logistics has been referred to in a number of different terms, each having a slightly different meaning. In recent years some of the terms used to refer to business logistics have included the following:
• business logistics
• supply chain management.
In essence, each of these terms is associated with managing the flows of goods and information from a point of origin to a point of consumption. Business logistics is a series of separate activities or functions all of which fall under a business firm's logistics umbrella; for instance, customer service, demand forecasting, documentation flow, inter-plant movements, inventory management, order processing, packaging, parts and service support, plant and warehouse site selection and production scheduling purchasing returned products. With these series of activities, Viswanadham and Gaonkar (2009) believed that increased in competitive forces and the business transformation brought about by internet-based technologies, the structure and landscape of the logistics industry has changed drastically in the last few years. Therefore, they have developed a model known as Integrated Knowledge Based Logistics (IKL) in which to shift the concept of asset intensive operational aspects of moving goods to a variety of knowledge-based tasks such as synchronising activities between various parties in the supply chain, and ensuring supply chain continuity even in the face of disruptions.
Logistics Service Providers
Logistics is the supply of services or products to the demander or demanding unit at the right time, in the right quantity and quality, at the right cost and at the right place. The Council of Logistics Management (currently, Council of Supply Chain Management) in the USA defines 'logistics management' as "a kind of programming, implementing and controlling process dealing with the flow from the primitive occurring point to the final consumption point and the storage efficiency as well as the cost benefit of raw material, half-finished product, finished product and related information, for the purpose of satisfying the customer's requirement." (Bowersox and Closs, 1996) Logistics has become an important source of competitive advantage (Day, 1994; Olavarrieta and Ellinger, 1997) . Due to the emergence of the concept of supply chain management, logistics management has attracted more and more attention. Logistics management has become a strategic factor that provides a unique competitive advantage (Christopher, 1993) . A supply chain includes all the interactions between suppliers, manufactures, distributors and customers. The chain includes transportation, scheduling information, cash and credit transfers, as well as ideas, designs and material transfers. LSPs play an important role in the supply chain. One of the keys to effective supply chain management is to make the logistics function operate more efficiently in the supply chain (Bowersox et al., 2002) .
Based on study done by Delfmann et al. (2002) , they claimed that a LSPs is a provider of logistics services that performs all or part of a client company's logistics function. They further added that to satisfy fully the increasing requirements of customers for one-stop services, many LSPs have taken initiatives to broaden the scope of their services. This is supported by Murphy and Daley (2001) . Qureshi et al. (2009) admit that logistics services providers play a vital role in accomplishing the strategic objectives of shippers. As mentioned earlier in Section 2.2 that logistics activities include; physical distribution; warehousing management, transport segment, inventory management and materials management, LSPs can also provide other services such as materials management services, information-related services and value-added services (Berglund et al., 1999) . Recently, many LSPs have been trying to improve their operations' efficiency by continuous implementation of information or automation technologies according to their business characteristics (Mason-Jones and Towill, 1999; Sauvage, 2003) .
The operation processes in LSPs, such as distribution centres, have their own features and 'know-how'. It is important for LSPs, in this age of knowledge-based economy, to accumulate and use their skills and knowledge efficiently and consistently. In order to keep their competitive advantage, logistics companies must make use of the knowledge more efficiently to make them innovation-based LSPs (Chapman et al., 2003) . Technology has traditionally been viewed as the key to productivity in manufacturing; however, technology has assumed greater significance in services of late (Bitner et al., 2000; Howells and Tether, 2004) . In addition, Gunasekaran and Ngai (2004) have conducted a case study on the logistics information systems at CRC Logistics (Hong Kong) and they have identified logistics information systems as one of the critical success factors for effective logistics management. According to Lin (2008) , technologies in the logistics industry can be classified into four categories: data acquisition technologies, information systems, warehousing technologies and transportation technologies. Details of these technologies are discussed below.
Data acquisition technologies
Lin (2008) argued that LSPs usually deal with a large amount of goods and data. Therefore, data collection and exchange are critical for logistics information management and control in which, by having good quality data acquisition, this definitely can help LSPs to deliver customers' goods more accurately and efficiently. Examples of acquisition technologies are the bar code system and the RFID system that can facilitate logistics data collection and exchange. As channels become more complex and data acquisition systems become larger, documentation of the data becomes more critical.
Information systems
At the most fundamental level, an information system is required to improve the efficiency of information exchange across the supply chain. Information systems are devices or infrastructures that make communication of business information among several organisations more efficient. In order to be effective, an information system needs to be standardised across organisations. According to Lin (2008) , many logistics managers see the information technology as a major source of improved productivity and competitiveness. Information technologies may increase organisational productivity, flexibility and competitiveness, as well as stimulate the development of inter-organisational networks. Inter-organisational information systems that became the standard in the logistics industry include Electronic Data Interchange (EDI), the Internet, the Value Added Network (VAN), Point Of Sales (POS), Electronic Ordering System (EOS), logistics information system, computer telephony integration and enterprise information portals. EDI is identified as inter-company computer-to-computer exchange of business documents in standard formats. Recently, extensible mark-up language (XML) provides a more efficient way for data exchange. These technologies are providing advantages of reduced errors, increased speed, improved inventory management and enhanced communications.
Warehousing technologies
According to Lin (2008) , a warehouse is often viewed as a place to store inventory. Nevertheless, the role of the warehouse is now more properly defined in which it is viewed as a switching facility as compared to a storage facility. Warehousing plays an important role in a logistical system. The design of a warehouse management system should address physical facility characteristics and product movement. According to Lin (2008) , the warehousing technologies that are commonly used in the logistics industry include the Automated Storage and Retrieval System (AS/RS), the automatic sorting system, the computer-aided picking system and the thermostat warehouse. The AS and retrieval system is a means to high density, hands free buffering of materials in the distribution and manufacturing environments and can offer a quick and efficient way to search and move storages from a warehouse. Advanced Planning Systems (APSs) are another type of logistics software that can be used for optimisation (Kumar, 2001) . Such applications allow for decision support by using analytical and optimisation methods (Kumar, 2001) . Relying heavily on Artificial Intelligence (AI) techniques, APSs perform forecasting, time series analysis and optimisation calculations that involve linear programming, mixed integer programming, and scenario planning (Kumar, 2001; Singh, 2003) . The APS has been used to improve the port operations of the Malaysian port, Kelang, by reducing congestion through logistics planning of container operations (Tahar and Hussain, 2000) .
Transportation technologies
It is understood that transportation is one of the most visible elements of logistics operations. Transportation functionality provides a major function of product movement. The major objective of a transportation management system is to move product from an origin location to a prescribed destination while minimising costs and damage expenses. The movement, at the same time, must take place in a manner that meets the customers' demands regarding delivery performance and shipment information availability. According to Lin (2008) , the transportation technologies that are commonly used in the logistics industry include transportation information systems, Global Positioning Systems (GPS), Geographical Information Systems (GIS), and radio-frequency communication systems and transportation data recorders. The transportation information system and GIS can help logistics managers in the planning, managing and controlling transportation issues. The GPS and radio-frequency communication system can track and guide drivers during the transportation of products.
Radio Frequency Identification (RFID)
Radio Frequency Identification (RFID) or its acronym RFID, in particular, is a fairly common buzzword among information technology circles these days (Matta and Moberg, 2006) . In other words, RFID technology uses radio frequency waves to identify objects. A typical RFID system consists of a tag or microchip with an antenna, which sends out a signal (data), and a reader with an antenna, which receives the signal. The RFID reader can detect multiple products, which are tagged simultaneously. In comparison, bar-coded products require a line-of-sight, which means that every item must be scanned one at a time. Emerging as one of the most pervasive technologies ever developed, RFID is gaining popularity as a technology for automatic identification (Roberts, 2006) . By allowing organisations to track their physical assets and maintain information about the items at all times, RFID allows for complete information integration within the supply chain (Nikam and Satpute, 2004) . In this sense RFID meets the competitive organisation's need to 'sense and respond' through integration of IT infrastructure (Nikam and Satpute, 2004) . RFID works by allowing a reader to read and write to a remote transponder (also called a tag) through electromagnetic waves (Curtin et al., 2005) . In this sense, RFID improves on barcode scanning by allowing for the identification of items without line-of-sight being necessary between the reader and the tag (Curtin et al., 2005) . The Malaysia Ministry of Science and Technology (MOSTI), a primary RFID decision-making government body, has identified several preliminary application areas to focus its efforts and resources for RFID, including:
• public safety and security: medical and health, food safety, hazardous papers management, anti-forgery security, coalmine safety, electronic license, animal identification (involving public hygiene and safety) and door access management
• production management and control: specific areas include automobile manufacturing, home appliance production, and textile and apparel manufacturing
• modern logistics and supply chain management: specific application areas include warehousing management, logistics distribution, retail management, container transportation and postal service
• traffic management: specific application areas include public transport tickets, non-stop billing, vehicle management and management of railway locomotives, vehicles and relevant facilities
• military logistics: specific application areas include the military materials and equipment management, precise and accurate identification of transport units and fast positioning and active searching
• major public activities and events: large-scale sports meetings and exhibitions, specifically including ticket management, vehicle management and facility.
In essence, the majority of RFID projects in organisations explicitly or implicitly address one or several of these objectives. The expected benefits of RFID technology are traditionally broken down into two components: cost reduction (labour cost reduction, inventory cost reduction, process automation and efficiency gains etc.) and value added (increase in revenue and customer satisfaction etc. (Wu et al., 2006) . According to Roberts (2006) , in almost every case, the introduction of RFID can be regarded as an ICT-enabled process innovation. Understanding one's business processes, and having a clear vision on how they could be improved (be it to save costs or to improve service quality) are, therefore, critical requirements for firms to effectively use RFID. The increasing competitive pressure on companies, many of them operating in a global economy, has been a strong driver for ICT adoption in general and RFID in particular. As the adoption of RFID technology is becoming important, firms are looking for methodologies that will enable them to evaluate the determinants of RFID technology adoption to their business processes (Linda and Samuel, 2007) . The global industry for RFID technology has been growing steadily over the past few years and it is expected to grow rapidly before stabilising and settling on a steady growth path. Today, retailers and manufacturers are using RFID technologies to manage supply chains (Huber et al., 2007) . In a sense, pervasive standards across the supply chain are necessary to encourage its adoption but adoption is stunted by the lack of standards (Asif and Mandviwalla, 2005) ; hence, most supply chain organisations are reluctant to do so.
Determinants of RFID adoption
Logistics Service Providers (LSPs) carry out logistics activities for their customers, which include warehousing, transportation, inventory management, order processing, and packaging (Delfmann et al., 2002) . In order to keep the competitive advantage, logistics companies must make use of technology more efficiently to make them become innovation-based LSPs (Chapman et al., 2003) . Technology adoption has been researched along multiple dimensions: specific technologies, user's perceptions, characteristics of adopters, etc. Innovation diffusion theory provides a useful perspective on how to improve technology assessment, adoption and implementation (Fichman, 1992) . In the logistics reviews on the adoption of technologies, different studies have found that different independent variables have been classified along different dimensions. For example, Moberg et al. (2002) have classified their variables along environmental, organisational, and informational lines. Russell and Hoag (2004) have classified their independent variables along the constructs of perceived attributes, organisational factors, communication channels and leadership factors. Jeyaraj et al. (2006) , paper lists a set of predictors that have been found most significant: perceived usefulness, management support and leadership, external pressure (peer and coercive), professionalism of the unit, and external information sources. Accordingly, Sharma et al. (2007) have analysed the literature of adoption and diffusion of innovation and extract a number of determinants that are grouped according to organisational readiness factors, technology factors, external environment factors and inter-organisational pressure factors. The factors are then used as key words and as respective variables in semi-structured interviews with industry experts and numerous news reports; they are also tested for significance for RFID technology adoption and diffusion. The most mentioned factors are the perceived benefits of the technology, the existence of a dominant supply chain partner, intellectual property and ownership standards adoption, data and software standards, diffusion champion presence, and top management support. Since the adoption of RFID technology can also be considered as the adoption of innovation, there is a large body of research done on the determinants of innovation (Lin, 2008; Chapman et al., 2003; Delfmann et al., 2002; Lai, 2004) .
On the other hand, Kimberly and Evanisko (1981) have suggested that the individual factor, organisational factor and contextual factor would influence the adoption of technological innovation by hospitals. Variables affecting technology adoption are classified into individual, task-related, innovation-related, organisational and environmental characteristics. Tornatzky and Fleischer (1990) have suggested that the adoption and implementation of technological innovations are influenced by the technological context, organisational context and the external environmental context. Patterson et al. (2003) have indicated that technology adoption is affected by organisational size, structure and performance, supply chain strategy, transaction climate, supply chain member pressure and environmental uncertainty. Scupola (2003) uses technological, organisational and environmental characteristics to explain the adoption of internet commerce. This paper investigates the influence of technological, organisational and environmental factors on the adoption of RFID by Malaysian LSPs.
Environment factors
In much the same way that an innovative organisational culture encourages adoption of new technologies, thus, whether they are from within or outside of the organisation, demands will always help to encourage adoption. This is because a technology can add value by reducing costs or enhancing quality (Asif and Mandviwalla, 2005) , and so environmental conditions can have an impact on the decision to adopt for example; Christmann and Taylor (2001) discusses on the customer pressures in which include pressures or requirements imposed by purchasing firms or individuals specifying certain technologies in products and services; Canning and Hanmer-Lloyd (2001) , on the other hand, claim that competitive pressures can include pressures that induce organisations to adopt technologies to combat competition and gain competitive advantages. However, innovation attributes make RFID a suitable technology to meet the demands of the supply chain; real advantage can only be gained in the supply chain when suppliers and customers collaborate. This implies that the willingness of both parties to improve their business processes might facilitate the adoption of a technology that will bring benefits to both of them (Fawcett et al., 2006) . In addition to pressures, government support to the organisations to adopt the technologies can also be as one of environment factors (Bansal and Roth, 2000; Hall, 2000) . The government can provide financial incentives, pilot projects and tax breaks to stimulate technological innovation for LSPs. The hypotheses are stated below as:
H1: Whether logistics service providers choose to adopt RFID or not is influenced by
customers' and competitors' pressures.
H2: Whether logistics service providers choose to adopt RFID or not is influenced by the government's support.
Organisation factors
Organisations are increasingly required to incorporate new technology into business practices to improve competitiveness (Shan et al., 2008) . Thus, organisation-wide readiness is also an important factor for the adoption of RFID (Asif and Mandviwalla, 2005) . An organisation that is logistically innovative in its use of technology, using, for instance, EDI to streamline its document processing, is usually more willing to adopt RFID (Asif and Mandviwalla, 2005) as it is within its nature and organisational culture to do so. Following this idea, Patterson et al. (2003) , consider organisation size to be a significant consideration in technology adoption. They have found that larger organisations generally have an extra capacity to devote to finding new technologies and generating economies of scale from them. Grover and Goslar (1993) 
Methodology
From the review, it is evident that although many factors are related to RFID adoption, costs of the technology, perceived risks of technology, organisational readiness, and the size of organisation, customers' and competitors' pressures and government support have not been given the required attention by the researchers. Therefore, this theoretical framework is used to investigate the influential factors that may contribute to the RFID adoption.
Sample
The population of this study comprises all the LSPs in Malaysia. The sample frame is drawn from members of the Federation Manufacturing Malaysia (FMM). Sekaran (2003) has suggested that the analysis samples should be at least ten times the number of variables in a study. Thus, 70 respondents are targeted in this study, as there are seven variables involved. Data collection has been conducted based on personally administered questionnaire. The respondents for this study are people who have the knowledge and influence over the RFID adoption. In order to obtain sufficient samples for analysis, 200 sets of the questionnaires have been distributed to representatives who work as LSPs. The data to test our hypotheses come from a questionnaire survey of LSPs in Malaysia. With Malaysia becoming a global manufacturing powerhouse, its central and local governments have delivered several policies to reinforce the logistics industry. More and more logistics companies in Malaysia have begun to adopt technological innovations to increase their logistics service capabilities. However, the logistics industry in Malaysia is still in its infancy compared with its counterparts in more developed countries. Ta et al. (2000) have found that the logistics barriers to international operations in Malaysia include the lack of cargo tracing services, the lack of delivery reliability for local carriers, the lack of carrier selection, complicated customs procedures and geographical fragmentation of transportation networks. Generally, LSPs are companies that carry out logistics activities for their customers. Logistics activities associated with LSPs include warehousing, transportation, inventory management, order processing and packaging (Sink et al., 1996) .
Measurements
Based on the above discussions, the research framework is organised around the six main hypotheses, as shown in Figure 2 . This research framework will be verified from a questionnaire survey in Malaysia's logistics industry. The questionnaire contains six parts: company's information, technological context, organisational context, environmental context and the adoption of RFID. There are 61 items in the questionnaire. Other than the company's information, the other items are measured using the five-point Likert scales anchored by 'strongly disagree' and 'strongly agree'. The questionnaire has been developed by taking into consideration the examples from previous literatures. For example, environment factors are measured by customers' and competitors' pressure and government support and have been adopted from the study by Premkumar and Roberts (1999) . Government support has been adopted from the study by Banerjee and Golhar (1994) . Organisational factors are measured by the organisational readiness and size of the company. Organisational readiness is measured in terms of sufficient knowledge and resources for RFID development and effective training for RFID development. The organisational characteristics have been adopted from the study by Premkumar and Roberts (1999) . Technology factors are measured by three items scale that evaluates the costs and perceived risks of technology. Technological characteristics have been adopted from the study by Igbaria (1993) . RFID adoption is measured by differentiating the RFID adopter and non-adopter by asking whether the organisation has even adopted RFID technique for management improvement. 
Discriminant analysis
Discriminant analysis is used to determine whether statistically significant differences exist between the average score profile on a set of variables for two a-priori defined groups and so enabled them to be classified. Besides, it could help to determine which of the independent variables account for most of the differences in the average score profiles of the two groups (Hair et al., 1998) . In this study, discriminant analysis is the main instrument to classify the RFID adopter and non-adopter. It is also used to determine which of the independent variables would contribute to RFID adoption.
Results
The RFID profile of adopters and non-adopters
The sample data are obtained from 68 logistics companies, which constitute 27.2% of the response rate. Among the respondents, 47% of the companies have adopted RFID techniques while 53% have revealed that there is no RFID activity in their companies. This section tries to study the adopters' and non-adopters' background. The data are initially compiled by using the descriptive method and their relationships are later verified by using the Chi-square test. As the values of each group should be at least 5 to ensure that the chi-square distribution provides an adequate approximation of the sampling distribution (Keller and Warrack, 2003) , certain groups of items that show sample sizes of less than 5 are further regrouped for the Chi-square analysis. From the contingency Table 1 , the adopters are mainly foreign companies (31%) as compared to Malaysian companies that comprise about 13% of the respondents. A similar trend is observed from non-adopters whereby foreign and Malaysian companies comprise 23.5% and 20.6%, respectively, although the Malaysian to Foreign ratio is slightly lower. As a result, it is deduced that the origin of the company does not play a significant role in RFID adoption. The contribution of joint-venture companies is rather small in this aspect. With regard to the age of the company, the highest percentage is from companies, which have been operating for more than 15 years. This scenario is found in, both, categories of adopters (32%) and non-adopters (29%). Further confirmation with Chi-square tests shows that this relationship is not significant among adopters and non-adopters. In order to have a general view of the size of the companies' contribution to the RFID adoption, the total number of employees and the companies' annual sales turnover are used to make a comparison between the adopters and non-adopters. However, the response rate for a company's annual sales turnover is relatively low. The main reason for the low response from this item may be due to the reluctance to disclose internal information to outsider. Most adopters (26.5%) have more than 100 employees, whereas the majority of non-adopters (27.9%) are in the range of 50-100 employees. Based on the Pearson Chi-square test, the relationship between the number of employee and RFID adoption is significant only at 0.10 levels. From the aspect of annual sales turnover, among the 40 respondents, the number of companies (42.5%) with more than RM5 million of annual sales turnover is slightly higher for adopters and the contrary is observed for non-adopters (57.5%). The Pearson Chi-square test is significant at 0.10. According to the above findings, there are relationships between the number of employees and the annual turnover of the company against RFID adoption at the 90% confidence level. From the data, one could observe that, in general, companies with more employees and higher annual sales turnover are more likely to be RFID adopters. Nevertheless, 83% of the non-adopters do have the intention to adopt RFID the in future.
Reliability of measurements
Determination of Cronbach's alpha coefficient of internal consistency is to ensure that the items comprising factors produced a reliable scale. The generally agreed upon lower limit of Cronbach's alpha is 0.7. Table 2 shows that all factors are well kept above 0.8. As shown in the above table, the numbers of constructs are changed for costs of the technology, perceived risks of technology and customers' and competitors' pressures after factor analysis. Compared to the reliability test during the pilot run, Cronbach's alpha of costs of the technology and perceived risks of technology have improved from 0.7561 to 0.8866 and 0.7368 to 0.8534, respectively, whereas customers' and competitors' pressures has dropped from 0.8811 to 0.8093.
Discriminant analysis
In order to find out the influencing factor for RFID adoption, six independent variables, which have been generated from the factor analysis, have been used to classify the 68 respondents into RFID adopters and non-adopters by conducting the discriminant analysis. In this analysis, the simultaneous estimation method or direct method is used to compute the discriminant function so that all of the independent variables could be included in the analysis. The internal validity is established to check the predictive accuracy of the discriminant function. This is done by using the discriminant function built from the randomly selected analysis samples (69%) to classify observations or the holdout samples (31%) that are not used in the estimation process.
Estimation of the discriminant function
As the purpose of this analysis is to identify the influential factors for the two groups, namely RFID adopters and non-adopters, only one discriminant function is estimated.
In the test of function by Wilks' Lambda, a p-value of 0.007 proved that there is a statistical significance of the discriminatory power of the discriminant function. The canonical correlation of 0.560 indicates that (0.560) 2 = 0.3136 or 31.4% of variance in the independent variables can be explained by the independent variables.
Interpretation of the results
Based on Wilk's Lambda and Univariate ANOVA to assess the significance between the means of the independent variables for the two groups, organisational readiness and government support show significant univariate differences between the two groups at 0.05 levels, while the costs of the technology and perceived risks of technology are only significant at the 0.10 level. The size of the organisation and customers' and competitors' pressures are not significantly different. According to Hair et al. (1998) , discriminant loadings are considered relatively more valid than weights as a means of interpreting the discriminating power of independent variables because of their correlational nature, and variables exhibiting a loading of ±0.30 or higher were considered substantive. Ranking of these variables in terms of their discriminating power are conducted by checking the value of the discriminant loadings and the univariate F ratio. From Table 3 , we could see that both methods correspond with each other. However, only organisational readiness, government support, the costs of technology and the perceived risks of technology have a substantial influence on RFID adoption.
From the above table, it is observed that the discriminant loadings of the four significant RFID adoption factors carry positive values. This indicates that the RFID adopters have paid more attention than the non-adopters to the costs of the technology, customers' and competitors' pressures, perceived risks of technology and size of the organisation. Among the six factors, organisational readiness carries negative discriminant loadings. This means that this factor may influence the company not to adopt RFID if sufficient evidence is available. In conclusion, the discriminant analysis has supported hypotheses, H1, H4, H5 and H6. H2 and H3 are not supported and hence reveal that government support and organisational readiness do not play a significant role in RFID adoption. A summary of the hypotheses is shown in Table 4 . 
Validation of the results
Classification accuracy of the model for the analysis sample and holdout sample, or known as hit ratio is shown in Table 5 . From Table 5 , the accuracy of the analysis sample was 70.2%, whereas the holdout sample is correctly predicted at 71.4%. (Hair et al., 1998 2 /N(K -1); N = sample size; n = no. of samples correctly classified; K = no. of groups.
Discussions
This paper studies the factors influencing the adoption of RFID for LSPs in Malaysia and tries to discriminate the factors based on the adopters and non-adopters. It is generally perceived that innovations such as RFID help to enhance business performance, achieve cost savings and, consequently, promote efficiency and synergy among business partners and their lead corporations. There are many businesses that have undertaken significant efforts towards adopting RFID. The motivation and driving forces for adopting RFID have been examined in some researches. However, most of them are focused on the manufacturing sectors. There are some explanations as to why logistics firms should engage in RFID. Yet, all are not exposed to the same types of pressure or to the same extent. Thus, there is a clear research need to determine the potential determinant factors that will influence the adoption of RFID for the logistics sectors. This paper gives some explanations, from the perspective of innovation, as to what the determinant factors are that can influence the adoption of RFID for LSPs in Malaysia.
Sixty eight respondents consisting of RFID adopters and non-adopters for LSPs have been analysed against the six independent variables as proposed by the framework. The finding from the discriminant analysis reveal that the cost of the technology is the most influential factor in RFID adoption, followed by customers' and competitors' pressures, perceived risks of technology and size of organisation, whereas government support and organisational readiness do not have a significant impact on the adoptions. Based on the research results, it is found that the high costs of the technology can help the transfer of technological knowledge within the organisation and, consequently, can influence the logistics companies to adopt RFID. Logistics companies also adopt the RFID because of environmental readiness. The perceived risks of technology and the size of the organisation should also stimulate the adoption of RFID for logistics industry. The result of this study indicate that the extent of RFID adoption have received above moderate levels of attention in Malaysia. Judging from their values, it can be further stated that RFID is the most practiced due to the fact that RFID technology is automatically shifting from people-to people communication to object-to-object communication (Chao et al., 2007) . Pressed for time, many of these companies do not take full advantage of the benefits of integrating RFID information back into the supply chain.
RFID technology has led to much hope and optimism. The mainstream press hails RFID as the avant-garde in technology and business. For example, CNN identified RFID as one of the "Ten Technologies to Watch" in 2004, and ZDNet has named RFID as one of the ten most strategic technologies in 2005 (Wu, 2003) . In a Hitachi 2004 white paper, it is mentioned that nothing prevents a company from coming back at a later date to leverage RFID information to improve inventory, warehousing, distribution, logistics, safety and security. While some people claim that RFID technology makes good business sense, actual RFID adoption in the real world has, thus far, been marked by failure (Adi, 2005) . If a company is interested in adopting RFID technology, it must think beyond technological challenges, such as Information Technology. It must be able to see that RFID adoption is more about selling experiences than selling products or services (Adi, 2005) . Information gathered from RFID has shown consumer product managers that supply chains are much less responsive than previously thought. Thus, RFID becomes a catalyst for more rapid process improvements (Johathan, 2006) .
Conclusions
This study has shown that the costs of the technology, customers and competitor pressures, perceived risks of technology and size of organisation are the four discriminating factors for RFID adoption. Hence, this information can be utilised to promote the acceptance and implementation of RFID. Government bodies, such as NPC, MIDA and FMM can, therefore, focus on these factors for further development of RFID. From an organisation point of view, attention should be given to improve government support, and organisational readiness should play a proactive role in adopting RFID as a strategic tool. One of the limitations of this study is that the sample size of this study for discriminant analysis is rather small. Although the internal validity has proven to be significant, it is always better to subject the model to a larger sample size or to carry out an external validity by checking with other set of samples in order to strengthen the arguments. The findings of this study have shown that there is a relationship between industry and RFID adoption. Therefore, it is recommended that the framework be extended to include more distinguished industries such as service, construction and the public sectors. Similarly, the scope of the study can be extended, as the industry covered by this study is clustered at certain geographical areas as a result of the critical mass. In such an incident, companies' characteristics and practices might vary owing to business environment differences. A study on the relationships among the adoption of RFID and logistics performance need be conducted in the future. Moreover, other possible influential factors on the adoption of RFID can also be taken into consideration in a further study.
